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ABS'l'RACT 
A study has been made of macroseismic and instrumental 
data for the earthquake of 17 November, 1960, located in the 
Mt. Glorious region of southeast Queensland. Seven hundred 
questionnaires received from a felt area of about 100,000 
square kilometres have provided data for the preparation of 
an isoseismal map and an estimate of the position of the 
epicentral region. This has been compared with a redefined 
epicentre based on the very inadequate instrumental 
observations of the earthquake. 
For MJ\ll intensities within the range II to IV, there 
are no obvious correlations of observed intensity patterns 
with either regional geological trends or detailed near-
surface geology. 
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CHAPTER ONE 
lNTRODU C·:r I ON 
l 
At approximately 3p.m., local time, on I7 November, 
I96O, the Brisbane area and much of southeastern Queensland 
felt the effects of a small earthquake. Preliminary informat-
ion indd.cated that the epicentre was located immediately to 
the northwest of the city, within the D'Aguilar Range. 
Within the next few days, the University of Queensland 
Seismological Station distributed earthquake questionnaire 
forms to residents within the estimated area of felt effects. 
A large proportion of the questionnaires were addressed to 
responsible persons in charge of schools, police stations, 
post offices etc. 
Those of the questionnaires which were completed and 
returned, together with numerous press accounts and other 
unsolicited reports, provided a reasonably wide sampling of 
the effects of the earthquake throughout the felt zone. In 
the Brisbane City area, and in closely settled areas such as 
the Brisbane and Lockyer Valleys, the coverage was fairly 
complete. However, in sparsely populated areas such as the 
D'Aguilar Range and the remainder of the region west of the 
coastal strip, information was not well distributed. It is 
unfortunate, from a scientific point of view, that the most 
affected central zone should be relatively thinly populated, 
for we cannot be sure of the maximum effects of the earthquake 
in this region. 
Because the earthquake was of a relatively small 
:rragnitude and seismograph stations were widely dispersed, it 
was well recorded at few locations. Thus there is very little 
instrumental data available upon which to base a determination 
2. 
of epicentre and origin time. 
It is clear that the questionnaires will provide the 
main bulk of information available for the study of this 
earthquake. This report represents the first serious attempt 
to evaluate these questionnaires and to present the inform-
ation obtained from them in the form of an isoseismal map. 
CHAPTBR TWO 
IVIICROSEISlVIIC DA'.I1A 
Those stations which recorded the shock were Brisbane 
(BRS), Charters Towers (CTA), and Canberra (CAN). The 
arrival times at these stations were:-
BRS: iP 05 00 26.7 
CTA: eP 05 02 35.1 
i II 03 4tLl 
i II 04 23 
i II 04 36 
i II 04 39 
i " 04 56 
CAN: eP 05 02 27.5 
i II 03 52.2 
i(S) II 04 3d.2 
i II 04 43.0 
It is immediately obvious, from the very small number 
3. 
of P-arrival times available, that an accurate instrumental 
epicentre determination is out of the question. The difficulty 
is compounded by the fact that the Charters Towers station had 
suffered a power failure on this day, with the result that 
record time was known to no better than ± 2 seconds. This 
further restricted the usefulness of the available instrument-
al data. 
A series of 11 trial-and-error 11 operations was carried out 
in an effort to obtain the closest fit between the calculated 
P-2,rri val times ( based on the J ef'freys-Bullen tables) at 
Charters Towers and Crmberra, the observed arrival t s 
these stations. The sbane station was of little value 
4. 
here because of its :proximity to the epicentre, though 
Pt provid.ed the basis for an estimate of origin time. 
The procedure was as follows:-
(i) assume an epicentre 
(ii) Ewsume an ori3:in time this was relatively easy since 
it was required only to subtract t~1.e a1. :propriate time 
from the nearby BRS arrival time 
(iii) calculate the distance (in degrees) to Charters Towers 
and Canberra from the assumed epicentre 
(iv) calculate the appropriate P-arrival times i.e. add the 
assumed origin time to the P-travel times as obtained 
from the J-B travel time tables 
(v) compare the calculated arrival times with the observed 
arrival times 
(vi) assume a new epicentre location, using the sign and 
magnitude of the residuals obtained from the first 
estimate as a guide 
(yii) repeat until a reasonable fit is obtained, i.e. until 
the residuals are minimized 
(viii) if necessary, adjust the assumed origin time. 
·J:his procedure gave the following results after ten 
iterations:-
(a) Epicentre 
0 0 27 20' + 05' S, 152 50' + 05' E 
(b) Origin Time 
05 h 00 m 17 3 sec G.M.T. 
Despite the relatively large uncertainty in the 
estimated co-ordinates of the earthquake, they do :provide a 
basis against which one may compare the results of the assess-
ment of the macroseismic data. 
5. 
The P-wave magnitude of the earthquake has been previously 
estimated at 1il. "" 5 .1. This, when converted to the surface wav.e 
magnitucJe scale, using the formula 1'ii. = 2.5 + 0.63M , (i.e. 
M = 0 _16 3 ( 1'i - 2. 5) ) , gives M = 4 .1. 
Queensland has a fairly low level of seismicity compared 
with the rest of Australia, and Australia itself has a low 
level of seismicity by world standards. The majority of 
Queensland earthquakes are concentrated between the main divide 
and the coast, the main area in which highly folded and 
faulted rocks occur. To the west o:Jf the Maryborough Basin 
especially, there seems to be a high incidence of earthquakes. 
Around the Brisbane area, shocks are uncommon. In 1913, 
Riverview recorded an earthquake from Kilcoy, rated at 
magnitude 4, and in 1955, Brisbane recorded a very small 
tremor from 1Vlt. Stanley, near Nanango. These two earthquakes: 
lie on the east and west sides respectively of the rift valley 
immediately west of the D'Aguilar Horst. Other shocks of note 
are those that occurred at Gayndah (1935), Maryborough (1947), 
Goondiwindi (1965) etc., but these are all far ai'ield from 
Brisbane,. 
CHAPTER THREE 
MACROSEISMIC DATA 
3.1 Distribution of Questionnaires 
6. 
Approximately 700 questionnaires and letters were received 
in all; these have been classified into two groups:-
( a) those from the J3risbane City area ( 230), 
and (b) those outside the Brisbane City area (470). 
Of the responses outside the Brisbane area, 340 were 
positive (i.e. tremor felt) and 130 negative. Of the negative 
replies approximately half were received from•areas towards 
the outer edge of the felt 'ZD ne. Similarly, of the Brisbane 
responses, there were 210 positive and 20 negative. A 
negative response from Group (b) was not considered significant 
since it might often imply simply that the respondent was not 
suitably positioned at the time to feel the tremor (beyond 
the immediate epicentral region, a person working out-of-doors 
might well not detect any motion). However, the incidence of 
negative responses became higher towards the periphery of the 
felt area, until gradually all responses received were negative. 
These negative responses were significant in that they defined 
the boundary of the felt area. 
The distribution of questionnaires is summarized in 
tabular form below:-
Brisbane City area 
Positive 
Negative 
Total 
3.2 Form of QuestionnairE-
210 
20 
230 
Outside Brisbane 
340 
130 
470 
The standard questionnaire form which was distributed 
'(. 
after the shock sought answers to the following questions:-
1. Was the tremor felt in your district? 
2. Was it recognized as an earthquake? 
3. Was it felt by you? 
4. At what time did the tremor occur? 
5. For how long did it last? 
6. Wrat was the sensation like? 
7. In what areas or in what types of buildings was it 
felt most severely? 
~- Indoors was it felt by persons moving as well as by 
those at rest? 
9. Was it felt by persons at rest. outside (e.g. in 
stationary carsP. 
10. Was it felt by persons in motion outside (e.g. in 
moving cars)? 
11. Was there any noticeable vibration of moveable objects? 
12. Did hanging objects (lamps, pictures etc.) swing, and 
if so,in what direction? 
13. Did any clocks stop and, if so, at what time? 
14. Did crockery, tins, utensils etc. fall from shelves? 
15. Did the walls, doors, or windows of buildings tremble 
or creak? 
16. Was there any displacement of heavy objects, such as 
furniture and, if so, what was the direction and 
amount of movement? 
17. Were cracks developed in plaster or concrete walls 
and ceilings? 
1~. Was there any other damage to buildings or property? 
19. Was there any vibration of trees, poles, or other 
tall objects? 
20. Were sleeping persons awakened? 
21. Was the tremor accompanied by any sounds and, if so, 
did the sound occur before, during, or after the shock? 
22. Were there any subsequent shocks and, if so, when did 
they occur? 
23. Have you any other observations regarding the ,,.,-.r, 
earthquake? 
The above questions, if answered intelligently, give 
a fairly comprehensive indication of the effects at a 
particular location, whilst being sirq)le enough for most 
people to fill in without difficulty. 
t5. 
A few of the questions are not relevant to this particular 
earthquake. J!"'or example, some refer to shocks of a much 
greater intensity than that being studied, so are of no 
relevance in the present case. In the same way, Question 20 
(i. _e. 11 Were sleeping persons awalrnned ? 11 ) has limited applic-
ation to an earthquake occurring at 3 p.m. 
Question 12 requires that the direction of motion of 
hanging objects be indicated. Unfortunately, answers to 
this question, when given, presented no clear patterns, 
because the direction of motion was inaccurately determined, 
because there were other effects influencing the mocion of 
the object (as with a picture hanging against a wall), or 
because there was a real variance in the directions of motion 
at different locations. 
Answers to Question 15, relating to trembling or creak-
ing of walls etc., seemed somewhat anomalous. Such a 
phenomenon indicates an intensity in the upper range of Ml/I IV 
( see section 3. 3); however there were frequent reports of 
trembling of walls, in cases where all other observed effects 
pointed to a rather lower intensity, usually NIM III. This 
suggests that the construction of Queensland dwellings is such 
that they trern.ble mare readily than those to which the modified 
MercalJi Scale was j_nitially applied, for instance, it may 
be related to the fact that many Queensland domestic 
structures are raised above ground level. This effect may 
need to be taken into account in future work on Queensland 
earthquakes. 
The questionnaire form, as it stands, is fairly 
satisfactory. However, there are two improvements which, in 
my view, could elicit a little more inforrration and prevent 
confusion. These are as follows:-
9. 
(i) It is helpful to know what proportion of the 
inhabitants of a district felt the tremor, since this tends 
to eliminate some of the subjectivity due to the positioning 
of the observer at the time. of the tremor. In isolated areas 
this is not practicable, but where it is applicable, map.y 
people could answer this question if it were included. With 
the present questionnaire I have found that only a small 
proportion of correspondents include in their comments how 
nBny people in their area felt the disturbance. The question 
could perhaps be worded: 
"Was the earthquake felt by (a) most (b) a number, 
or ( c) very few people in your irnrnediate neighbourhood?" 
(ii)The person is asked to give his address at the bottom 
of the questionnaire. However, many fail to interpret this 
as their address or location at the time of the earthquake, 
and consequently valuable data is lost or mis-used be cause of 
the incorrect location of a point. It would be beneficial to 
ask for "address at time of earthquake 11 instead of, or in 
addition to "address" only. 
3.3 Intensity Scale 
The modified Mercalli Intensity Scale, as restated by 
Richter in 1956, is used in this study. The questionnaire 
:form used was designed specifically for application to this 
scale. 
10. 
For a comr;lete statement of the scale, see C. F. Richter's 
book "Elementary Seismology" (page 137). However for 
convenience, intensity divisions I to IV will be re-written 
herein, these being the only intensities of interest in this 
study. 
I. not felt. Marginal and long-period effects of 
large earthquakes. 
II. Felt by persons at rest, on upper floors, or 
favourably placed. 
III. Felt indoors. Hanging objects swing. Vibration 
like passing of light trucks. Duration estimated. 
May not be recognized as an earthquake. 
IV. Hanging objects swing. Vibration like passing 
of heavy trucks; or sensation of a jolt like a 
heavy ball striking the walls. Standing motor cars 
rock. Windows, dishes, doors rattle. Glasses 
clink. Crockery clashes. In the upper range of 
IV wooden walls and frame creak. 
3.4 Reported Sensations 
The sensations commonly described by observers can be 
fitted into three main categories:-
(a) A vibration (shudder, tremble, shaking etc.) - a 
high frequency motion. 
(b) A jolt, for example, as though a truck or a strong 
gust of wind had hit the building. 
(c) A slow oscillatory motion (rocking, rising and 
falling etc.) - a lower frequency motion expected 
farther from the epicentre. 
Naturally there were variations in the intensity of the 
sensations in each category. 
3.5 Relation of A¥parent Intensity and Nature of Ground 
Motion to Cer ain Variables 
The nature of the sensation and its intensity would 
seem, to this author at least, to be related to five 
variables:-
(i) The positioning of the observer. 
11. 
(ii) The type of structure occupied by the observer, 
if indoors, when he detected the disturbance. 
(iii) The local sub-soil geology. 
(iv) The distance from the epicentre. 
(v) The regional geological structure. 
Now consider each of these factors in more detail. 
Firstly, the positioning of the observer:- this determines 
which kind of motion will be detected. :For example, a person 
lying on a bed would feel a slight swaying motion whereas a 
:p::rson standing probably would not. On the other hand, a 
person standing would notice a sharp vibration, whilst a 
person in bed may not. 
Secondly, the type of structure:- the fact that 
observers in top stories of buildings are more likely to 
notice a tremor than observers at ground level is now accepted. 
Also, amongst ordinary single-storied homes, it seems that· 
differences in the type of structure are significant, although 
nothing can be said to prove or disprove this suggestion from 
this study., 
Thirdly, the local sub-soil geology:- if the basement 
rock is overlain by a reasonably thick, uniform layer of 
alluvium, and a plane wave travels vertically upwards, theory 
says that the amplitude of the wave at the surface of the 
alluvium should be about twice the amplitude at the bottom 
12. 
of the alluvium layer. This fact will have the consequence 
that the apparent intensity will be higher in alluvial valleys 
than on rocky hills. 
Fourthly, the distance from the epicentre:- Purely 
as a result of geometrical spreading, the amplitude of the 
ground motion decreases with distance from the epicentre. 
For spherical waves, such as P and S, there will be a reduct-
ion in amplitude proportional to the distance; however for 
surface (cylindrical) waves, the corresponding reduction 
factor is the square-root of the distance, so that far from 
the source, surface waves predominate. Also, since the 
higher frequency components are subjected to greater friction-
al damping than the lower frequency components, they will 
attenuate more rapidly, so that at some distance from the 
source, the surface waves will once again predominate. It 
is found that the duration of the shaking is longer and the 
intensity of the shaking is less at greater distances from 
the epicentre. 
Finally the regional geological structure:- Whenever 
there is a regional tectonic trend, involving large-scale 
folding and faulting, energy will be transmitted more readily 
in the direction of the .. trend, and will be dissipated in the 
transverse direction. However this effect is undoubtedly 
greater for body waves than for the surface waves which 
normally govern the intensity distribution. :E'or this reason, 
we could not expect an invariable correlation between the 
regional structural trends and the isoseismal pattern. 
3.6 Evaluation of the Intensity at a Particular Location 
The term "intensity", as applied to an earthquake, 
represents a quantity based on the effect of the shock on 
(i) inanimate objects 
and (ii) peop1e 
13. 
Due to the overa11 low intensity of this earthquake, 
the intensity had to be measured, throughout most of the 
affected area, by the assessment of subjective human react-
ions only, i.e. sensations felt and motions noticed at the 
time of the disturbance. Since the effects on objects are 
judged by persons, even they have something subjective in 
them. Only in a few cases was the ground motion strong 
enough to upset objects. Never was there any substantial 
damage done which could be observed later, more objectively. 
Generally speaking the experience of a person who is 
out-of-doors is of little value in the construction of 
isoseismal lines, since the apparent intensity seems much 
less than if he is indoors and at rest. Also, there are 
fewer objects by the movement of which the intensity can be 
roughly estimated. 
Needless to say, we cannot escape from the fact that the 
apparent intensity allocated to a particular location may not 
be a truly representative intensity rating, for it may have 
many effects superimposed upon it (positioning of observer, 
type of structure etc.) 
The maximum intensity observed was only JYIM IV. There 
was much "blurring" within this ,range of intensities, and 
difficulty was found in distinguishing between the different 
grades in many instances. 
When several questionnaires were received from a certain 
town or small area, the "most common" or "average" intensity 
value was assigned to that location. When possible, a rough 
14. 
weighting procedure was applied, whereby the reliability of 
each observer's comments,was judged, and the intensity assess-
ed on the basis of his experiences was weighted accordingly. 
3. 7 I'resentation of the Data 
Two maps were prepared :t'rom the available data. These 
were:-
(i) A map incorporating the entire felt area, on which 
isoseismal lines were constructed. For convenience, this is 
presented as two sheets on differing scales:- (a) Map lA 
(scale 1:250,000) for the inner part of the felt area only, 
with all data points located, and (b) Map lB (scale 1:1,000,000) 
for the entire felt area, showing the isoseismals, and with 
all data points additional to those plotted on Map lA loc~ted. 
This division was necessary since, whilst the density of data 
points in the inner part of the felt area was too high for them 
all to be located on the smaller-scale Map lB, at the same time, 
on the larger scale, a map of the whole area of interest would 
be of unmanageable proportions. 
(ii) A map of the Brisbane City area only (Map 2), drawn 
on a considerably larger scale than the above. Due to the 
high density of information obtained from the city, this area 
is amenable to a mOlI'e detailed study than the rest of the 
disturbed zone, and advantage has been taken of this to study 
possible correlations between the local geology and the apparent 
intensity. It should be remembered that the intensity observed 
at any location is always an "apparent" rather than 11 absolute 11 
intensity, for it has the effect of the local sub-soil 
geology superimposed upon it. As was pointed out in Section 
3.6, individual observations are also subject to their own bias 
as a result of the particular conditions of observation. 
3.8 Drawing the Isoseismals 
After a numeral indicating 1VIM intensity rating had been 
allotted to a particular location, it was plotted on the 
maps in the form shown (see Maps lA and lB). In an attempt 
15. 
to order such data it is usual to contour the field with 
isoseismal lines. Drawing the isoseismal lines through these 
points presented some difficulties. As can be seen on the 
maps, there is considerable variation in the density of data 
points, and in consequence of this, it was necessary, in places, 
to infer the trend of the isoseismals. In such places they 
will, of course, be less accurate. However, a greater problem 
lay in the existence of local variations which it is impossible 
to represent in any generalised presentation. For example, 
within any given isoseismal line there were locations at 
which the intensity apparently did not reach that correspond-
ing to the isoseismal. It may be that the intensity was really 
less as a result of site conditions, or, on the other hand, the 
defect may only be apparent and due to incomplete observations. 
Conversely, in the region outside an isoseismal line there 
occur places at which the intensity is apparently equal to 
that along the line. Such an observation may point to a small 
outlier of higher intensity, or it may be that some object 
happened to be in a position in which it was easily moved, 
suggesting a deceptively high level of ground motion. Unless 
there are many such observations in the immediate neighbourhood, 
it is not practicable to deflect the isoseismal line to include 
the outlying zone. 
The highest intensity, observed in the epicentral region, 
was not greater than MM IV, and probably a little less. For 
this reason, the inner zone on the intensity map has been 
16. 
assigned the value III - IV. An isoseismal was drawn separat-
ing this from the III zone, and another separating the III from 
the L. III zone. Sub di vision of the < III zone was impossible 
since observations were diffuse in the II to III range. Even 
in the drawing of the first two isoseismals there was need for 
compromise; for example, the line separating the III zone from 
the <. III zone was constructed roughly where the number of III 
readings began to dominate the number of II readings. Hence 
it can be seen that there is some degree of uncertainty in the 
plotting of the isoseismals. There is even the possibility 
that further information might reveal gross discrepancies in 
the pattern which has been assumed. However, we can only 
present the distribution which,from the available information, 
seems most likely; the isoseismals have been drawn as dashed 
lines to indicate the uncertainty inherent in them. 
3.9 Bounds of the Felt Zone 
A bound has been tentatively plotted on the map demarcat-
ing the western limit to the felt zone. This is located on 
the basis of fairly scattered information, so should be regard-
ed as a rough indicat,ion only. The northern limit appears to 
be in the region of Childers, or possibly a little further 
north. No southern limit can be suggested, since the question-
naire distribution in the south does not appear to have been 
wide enough. Of the most southerly responses received, none 
were negative, and this suggests that information is needed 
from further south to see how far the effects of the earthquake 
extended in this direction. It is, of course, impossible to 
define an eastern bound, since the area of perceptible ground 
motion extends beyond the coastline. 
21°0 0' 
27°20' 
e3 
27° 40' 
\\ 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 
I 
I 
I 
I 
'\ 
' 
• 152 2 0 
.3-
•3 
<3 -
I 
I 
I 
I 
I 
•3 
GATTON 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.2+ 
K I LCOY 
.2-3 / 
/ 
/ 
/ 
/ 
/ 
/ 
f. / 
1/ 
'/ 
1· 
I 
152°40 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
I 
/ 
./ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
e3-4 
/ 
/ 
/ 
/ 
•3 
,,,. 
/ 
/ 
,,,. 
-----..,, ..,, ,,,. 
____ ,__...._ 
--- •3 
•2-3 
•2-3 
~-- . ..... ,,... ...... 
/ ' 
/ ' / •3 ' 
153 'oo 
. / ' / \ 
/ \ 
/ e3-4 CA BOOLTURE \ / / •3+ \ 
/ 
•3- / / 
I 
/ 
I 
I 
I 
/ 
/ 
/ 
----··~------~ / - 7 
I 
I 
I 
I 
I 
I 
.3 
•3 
I 
/ 
I 
•3 
ESK 
I 
I 
I 
I 
/ 
I 
I 
I 
I 
I 
I 
I •3"" 
I 
I 
I 
\ 
' 
I 
I 
I 
I 
I 
I 
2-3• 
I 
I 
I 
I 
I 
3 -
/ 
/ v v 
I 
3• I 
I 
/ 
I 
I 
I 
I 
I e4 
I 
•3-4 
I 
I 
/ 
_a,~ , ----~ 
I 
I 
I 
I 
' 'I 
I 
•3-4 
.,, _,... 
3+. 
-
..... -_;,, - - _,... ... ___ ___ 
•3 
I 
/ 
I 
Ill 
·p 
I 
I 
"' "' 
•3 
/ 
/ _..,, 
•3 
I 
I r I -,,_..,....., I 
7 
I 
I 
I 
I 
I 
/ 
I 
I 
I 
3-4 
/ 
e3 
•3-4 
r-:M~T:7 
EPICENTRAL 
•3-4 
ZONE 
•3 L'· _ _J 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
e3 
e3 
•3 
/ 
/ 
/ 
,.,,. 
•3 / ,,,. ,,,. _..,, 
i1 
,l 
_..,, ..,, 
; 
/ 
/ 
•3 
/ -
/ 
/ 
,., .,. 
/ 
•3 
/ .,. 
• 3 
•3 
iPSWICH . 
/ / 
.,,,, 
•2-3 
/ ,., ,., 
•3 
/ 
/ 
2• 
/ 
/ ,.,,. 
,.,.,,., •2-3 
•3 
-~ -, ·c::.--..,. 
f 
I 
I 
I 
I 
l 
•3-4 
/ 
/ 
/ 
/ 
.3+ 
e3-4 
/ 
/ 
/ 
/ 
/ •3 
/ 
/ 
/ 
/ 
I 
I 
I 
:/•3 
I 
I 
I 
I 
,3-4 
I 
I 
/ 
/ 
/ 
/ ' 
•3 
BRISBANE 
•3 
•3 
/ 
/ 
/ 2-3• 
/ 
// 
/ 
/ 
----- SCALE ----' -- 5 0 -·-- 5 10 I ..... ...... 
--....._..._._ - - ----
1s2· 2 o' 
MAP IA 
-- -- ----- ---: -- -
• • ISOSEISMAL 
•3 Kilometres 
.2 
152° 40' 153' oo' 
MAP - :' INNER PORTION OF FELT ZONE · 
..;., rr~·,,,..;-~. 
•3 / 
/ 
/ 
/ 
,/ 
/ 
/ 
/ 
•3-4 
•2 
15 I 
2-3• 
2-3• 
20 I 
27°00' 
21°20' 
27'40' 
26° 
2 7 ° 
28 g 
151 • 
-----~--.~---=-
•O 
Lu' 
1--. I . I . 
..:(/ 
~I 
--. I 
~I o / 
0:-' 
Q' I 
Q/ 
"{I 
I 
J 
( 
I 
I 
I 
I ' I 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
151 ° 
• O 
I 
<' 0:::/ 
Li.1' 
1---..' I 
ifJ/ 
LJ.Jt ~, 
I 
I 
I 
I 
I 
I 
• 2 
MAP 
I 
SCALE 
20 40 
K i Lome tr es 
I 
I--.. I _, 
~/ -, 
-...JI 
I 
I 
I 
I 
• 2+ 
• O 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
· l 
I 
I 
I 
• 0 
I •ot 
I 
I 
I 
I 
I 
I 
I 
• O 
•2-3 
60 
I 
I 
I 
I 
I 
I 
•O 
•O 
80 
I 
1 
1s2° 
I 
I 
I 
I -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
/ 
I 
I 
• O 
I 
I 
I 
I 
/·-
• 2·3 
• 2-3 
. 2+ 
KING~ROY 
•3 -
• 2-3 
•3 
.o 
•0 
.2..:3 
<3 -
•2-3 
I 
I . 
3• 
•2 
•3+ • 3 
• 2_}00WOOMBA 
3• 
•O 
2• 
• 2""' 
3- . 
•3 
•2-3 
• 2+ 
4• •2-3 
WARWICK 
• 3 
2• • 2-3 
152 • 
•0 
• 2+ 
•2+ 
MARYBOROUG H 
•2 
GYMPI£ 
153 
• 2 
•3 
2• 
- ---.:r~---'-~~--===,.._~~--
• 3 
•2--3 
•2-3 
•3 •3 
• 3 r. •2-3 
.•3 
rNSET 
See Map 1A / / 
/: /.,,.. 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ ....... - .... 
/ / , ' 
/ / \ 
/ / ' / / I / / I 
/ I J 
/ / / 3 I ( / I 
/ / / - I I / , I / / 3-4, I I / - I 
I ,/ · i 
I I I 
3• 
j I / 
I I / / I // I , I .,,-- , 
BR1SBAl)IE 
' / 
/ 
/ 
' I 
I 
I 
I 
\ 
\ 
' 
•2-3 
• 3 
' ,., ,,,, ' _ _ ,,,,.. 
,_..,,,.,,,,..-- IPSWICH ,,, 
/ / 
/ 
,,,,, 
/ 
----------------
• 2 
•2-3 
• i ·· 
153° 
•2-3 
18 • • ISO SEISMAL MA'P - ENTIRE FELT ZO.NE 
26° 
r#~~ 
27° 
3 
2• 2S 0 
17. 
3.10 Discussion of the Isoseismal Pattern 
Since there is no other choice, let us accept the 
intensity distribution as it has been presented. If we 
regard the isoseismals as ellipses with a bulge to one side, 
which one can see from the maps to be a reasonable description, 
then they may be specified in terms of the lengths of their 
major and minor axes. If we first consider the major axis 
length, we find, for the inner isoseismal, that it is approx-
imately 87 kilometres, and that for the outer isoseismal it is 
approximately 140 kilometres. 
Due to the bulging of the isoseismals to the southeast, 
it is more informative to divide the minor axis length into 
the western semi-minor axis and the eastern semi-minor axis. 
For the inner isoseismal, the lengths of these axes are 11 and 
29 kilometres respectively, and for the outer isoseismal, 23 
and 47 kilometres respectively. This information is summarized 
in tabular form below:-
Inner Isoseismal Outer Isoseismal 
Major axis length 'd7 km 140 km 
w. semi-minor axis length 11 km 23 km 
E. II II II " 29 ·km 47 km 
Total minor axis length 40 km 69 km 
Major axis : minor axis 2.2 2.0 
E. semi-minor . w . semi-minor 2.6 2.0 . 
The figures given above indicate two things, (i) a fairly 
large degree of ellipticity or elongation of the lines ( in a 
northeast direction), and (ii) a considerable distortion in the 
form of a bulge to the s_outheast, that is to say, the isoseismals 
are wider and farther apart on one side than on the other. 
lt) .. 
In an attempt to explain the remarkable elongation of 
the isoseismals, an inspection was made of the geology of the 
area, especially with respect to the distribution of alluvial 
deposits, since these may have a considerable bearing on the 
felt intensity. However it soon became apparent that the 
distribution of alluvium could have no relation to the 
isoseismal pattern, since the deposits were not extensive and 
displayed no regularity whatsoever on a regional basis. It 
is possible that certain anomalously high readings of apparent 
intensity were the result of a site being located on abnormally 
thick overburden, but the scale of the sampling does not permit 
an assessment of this possibility. 
It was also evident that the isoseismal pattern bears no 
obvious relation to the regional geological structure. Where-
as the isoseismals are elongated roughly in a northeast 
direction, the predominant regional trend in southeast 
Queensland is northwest. Similarly, there is no geological 
evidence which can exr,lain the bulging of the isoseismals to 
the southeast. 
Assuming, therefore, that the isoseismal :pattern which 
hls been presented is a reasonably true one, there is no 
apparent reason for the irregularities in the distribution. 
We are consequently left with the conclusion that there must 
be some other controlling factor. It is possible, of course, 
that the nature of the earthq_uake source mechanism might have 
resulted in nreferential radiation of elastic waves in certain "' 
directions, but the instrumental data are not sufficient to 
evaluate this possibility. 
J.11 Location of the Epicentre 
The accurate location of an epicentre is not possible 
19. 
using only an isoseismal map, and this method is seldom used 
nowadays. However in this case, where the only other indic-
ation of the epicentre location is that determined in Chapter 
Two from the P- arrival times at Charters Towers and Canberra, 
it will be useful to infer an epicentre from the isos eismal 
map and compare the two results. 
Experience indicates that it would be a gross over-
simplification to locate the epicentre at the centre of the 
inner isoseismal. However, in the absence of other guide-
lines, we must be guided by the geometry of the isoseismals. 
From an inspection of the map, it seems likely that the epi-
centre would fall within the latitude and longitude ranges 
27° 20 1 ± 05' S, 152° 45' + 05'E. The epicentre, as calculated 
from the instrumentally recorded arrival times, fell in the 
ranges 27° 20' + 05'S, 152~ 50' ± 05' E. On comparing these 
two results we find that the latitude ranges agree, but that 
there is a discrepancy in the longitude values. However, 
there is an overlapping range of longitude values (152"' 45' E -
152° 50 1 E), and based on this overlap, the epicentre is 
tentatively located in the region bounded by the latitudes 
0 Q 20 20' + 05' Sand the longitudes 152 47.5' + 2.5' E. This 
region is marked on Map lA. 
It is abundantly obvious that this method does not 
provide an accurate epicentre location, for there is a large 
margin of error associated with the result. In fact, all 
that can be said is tbat, between the results obtained using 
two different methods, there was a certain degree of agree-
ment. 
3.12 Correlation of Apparent Intensity with Sub-soil geology 
in Brisbane 
As explained in Section 3.7, the Brisbane area was 
20. 
selected to search for possible correlations between the apparent 
intensity and the local geology. To do this, the values of 
apparent intensity must be superimposed on a geological map 
of Brisbane as in Map 2. 
]'or the sake of clarity, the geology was simplified 
somewhat; the subdivisions are as follows:-
(a) Urrer Cainozoic - alluvium and high level gravel 
de1·JOsi ts. 
( b) Upper Cainozoic - gravel, conglomerate, and sandstone 
(negligible distribution). 
(c) Lower Cainozoic - sedimentary formations. 
(d) Triassic and Jurassic - sedimentary formations. 
(e) Permian? - volcanics, andesites etc. (Negligible 
distribution) 
(f) Lower Palaeozoic - Neranleigh - Fernvale Group 
(g) Precambrian? - Bunya Phyllites 
(h) Precambrian? - Rocksberg Greenstones (negligible 
distribution) 
(i) Tertiary Basalts 
(j) Permian? Granite 
The rocks of the Brisbane area have thus been divided into 
seven major and three minor groups. 
The density of information is fairly high - certainly 
high enough for any trends or correlations which are present 
to be apparent on the map. However, the results of the study 
are inconclusive and somewhat disappointing. An inspection of 
Map 2 reveals no obvious relation of intensity to geology; 
even on alluvial deposits there is nothing to suggest that 
the apparent intensity is any higher th~n elsewhere. The 
only apparent trend is for the intensities to be higher in the 
northwest sector, and this is surely because this part of the 
city is nearer the epicentre. 
From this study, therefore, we may only conclude that 
there are no clear relations between apparent intensity and 
local sub-soil geology in the city area, at least for MM 
intensities in the range II to IV. 
21. 
CHAP 1.r 1'.:R PO UR 
CONCLUSIONS 
In this report, little use could be made of instrumental 
records since there were so few available. The accurate 
determination of an epicentre location requires that there 
be several instrumental records available, and that these be 
distributed over a reasonable range of azimuths about the 
epicentre. Por high quality determinations, ade~uate 
observations 1·rom near stations are also required. From the 
information available on this earthquake, an extremely rough 
epicentre determination was made, using a trial-and-error 
process to obtain the best fit between the calculated and 
observed P-arrival times at each station. 
From the evaluation of questionnaire forms, an isoseismal 
map was constructed to represent the intensity distribution. 
Based on the available data, the most likely shape for the 
isoseismals seemed to be an ellipse, elongated in a northeast 
direction, and with a bulge on the southeast side. An attempt 
was rm de to explain the irregularities in the isoseismal 
pattern, but the shape was found to bear no clear relation 
to either local geology or regional geological structural 
trends. 
From the isoseismal map it was ossible to est e a 
region in vhLch the er,icentre was most lit:ely to . 'l'hJ_s 
region overlapped region calculated or'.l 
strumental records, t.he two methods gave 
fairly consistent results. The area of ove ap is d 
on I.Ja:i:, lA, and. if:, the zone cJeterrnined to be most likely to 
elude e epicentre. 
The map constructed to stuci_y correlations between 
22. 
apparent intensity and local geology in the :::,be.,ne area 
';) 
C:...,.) 
yielded none of the hoped-for results. Despite a sufficiently 
high density of information, no correlations whatsoever were 
aJ::parent. 
The results of thi2. study rnay have application to future 
earthc_;_uakes in the same area. It would be expected that the 
intensity distribution would follow the same pattern, so that 
those regions which were nl0f:3t affected by this earthquake 
could consequently ex:pect to be most affected by future 
earthquakes. 
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